Purpose: To develop and validate nomograms for predicting overall survival (OS) and cancer-specific survival (CSS) in patients with surgically resected intrahepatic cholangiocarcinoma (ICC). Patients and methods: The nomograms were developed using a development cohort of 947 ICC patients after surgery selected from Surveillance, Epidemiology, and End Results database, and externally validated using a training cohort of 159 patients admitted at our institution. Nomograms for OS and CSS were established based on the independent prognostic factors identified by COX regression models and Fine and Grey's models, respectively. The performance of the nomograms was validated internally and externally by using the concordance index (c-index), and calibration plot, and compared with that of AJCC 8th edition TNM staging system by using c-index and decision curve analysis. Results: Age, T stage, M stage, lymph node ratio (LNR) level and tumor grade were independent prognostic predictors for OS in ICC patients, while T stage, M stage, LNR level and tumor grade were independent prognostic predictors for CSS. Nomogram predicting OS was with a c-index of 0.751 on internal validation and 0.725 up to external validation, while nomogram for CSS was with a c-index of 0.736 on internal validation and 0.718 up to external validation. Calibration plots exhibited that the nomograms-predicted and actual OS/ CSS probabilities were fitted well on both internal and external validation. Additionally, the nomograms exhibited superiority over AJCC 8th edition TNM staging system with higher c-indices and net benefit gains, in predicting OS and CSS in ICC patients after surgery. Conclusion: The constructed nomograms could predict OS and CSS with good performance, which could be served as an effective tool for prognostic evaluation and individual treatment strategies optimization in ICC patients after surgery in clinical practice.
Introduction
Intrahepatic cholangiocarcinoma (ICC) accounts for 5-30% of all primary liver malignancies and ranks as the second most common liver malignancies, after hepatocellular carcinoma.
1,2 Additionally, the incidence and mortality of ICC has been prominently increasing over the past three decades worldwide. [3] [4] [5] The mainstay of curative treatment for ICC remains the surgical resection. In the patients with unresected ICC, the 5-year survival is dismal, ranging from 5% to 10%. 6, 7 cancers, individual prognostic prediction for ICC patients is very important which can help the physician select the appropriate treatment for an individualized patient. Prognostic systems for individual prediction in ICC patients are still in a state of development. Traditional staging systems, such as the 8th edition American Joint Commission on Cancer (AJCC) system, are generally applicable to populations of patients, rather than a specific individual patient. Besides, AJCC system only takes tumor size, lymph node metastases, and distant metastases into account, does not consider the other associated prognostic factors, such as age, gender, tumor grade and treatment modality. Therefore, it is urgently required to develop a more accurate staging tool for individual prognostic prediction in ICC patients. Additionally, many ICC patients aged over 60 have high rates of comorbidities and tend to suffer from competing events, ie, death from non-cancer specific diseases. 10 The risk of competing events increases as the age increases. In this era of personalized cancer treatment, it is crucial to evaluate not only overall survival (OS), but also cancerspecific survival (CSS) probabilities when assessing the patients' prognosis. Prognostic nomograms have been developed and validated for use in various malignant diseases. Recent several studies 8, 11, 12 have reported the nomograms for predicting prognosis in ICC patients, but these studies only focused on OS. To the best of our knowledge, the competing risk nomogram for ICC patients has not been ever published. The present study was to develop nomograms for predicting OS and CSS in patients with surgically resected ICC using a cohort from the Surveillance, Epidemiology, and End Results (SEER) database and validate the performance of the nomograms internally and externally. These nomograms would provide clinicians with quantitative tools to assess patients' prognosis, for better patients' risk stratification and clinical decision making in the setting of surgically resected ICC.
Materials and methods

Development cohort/SEER data
The SEER program of the National Cancer Institute collects and publishes cancer incidence and survival data from population-based cancer registries in the United States. The study development cohort consisted of ICC patients who were diagnosed between 2004 and 2015 in the SEER program. The ICC patients who underwent curative-intent surgery were identified using International Classification of Disease for Oncology, 3rd edition (ICD-O-3), primary site code C22.1 (Intrahepatic bile duct), along with histologic/ behavior code 8160.3 (Cholangiocarcinoma).
The exclusion criteria were as follows: 1) patients with age at diagnosis were younger than 20 years old; 2) patients with other primary cancers; 3) patients with incomplete clinical characteristics; 4) patients with indefinite follow-up information; 5) patients diagnosed from a death certificate or autopsy only. The terms "Surg Prim Site" and "Reason no cancer-directed surgery" were used to identify patients who underwent surgery. Patients' clinical characteristics were collected from the SEER database, including age at diagnosis, gender, TNM stage, tumor grade, metastatic lymph nodes, total lymph nodes, follow-up information, and cause of death. AJCC 8th edition TNM staging system was used as the staging system. The AJCC 8th edition TNM stages were calculated based on tumor size, AJCC 6th or 7th edition TNM stages. [13] [14] [15] The lymph node (LN) ratio (LNR) was calculated by dividing the number of metastatic LNs to the total number of LN examined. LNR value was converted into a categorical variable based on its optimal cutoff value determined by receiver operating characteristic curve. SEER data were extracted using SEER*Stat 8.3.5 (National Cancer Institute, Bethesda, MD, USA) software.
OS was defined as the time from the date of diagnosis to the death due to any cause or the last follow-up. CSS was defined as the time from the date of diagnosis to the death attributable to ICC. Recurrence-free survival (RFS) was defined as the interval from the date of surgery to the date of last follow-up for non-recurrent patients.
External validation cohort
The study validation cohort comprised 159 ICC patients who underwent curative-intent surgery between December 2004 and December 2017 at the Department of Hepatobiliary Surgery, the Second Hospital of Dalian Medical University. The inclusion and exclusion criteria of the validation cohort were same to those of the development cohort. Patients' clinical characteristics were collected from the electronic medical records.
Ethical approval
All the procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. The study has been approved by the ethics committee of the Second Hospital of Dalian Medical University (No.1509-39). All authors have signed authorization and received permission from SEER to access and use the dataset. Informed consent was waived due to the retrospective nature of this study, but all data were kept confidential.
Statistical analysis
Continuous variables were compared by Student's t-test or Mann-Whitney U test depending on their distributions, while categorical variables were compared by Chi-square test. Distributions of continuous variables were tested by Kolmogorov-Smirnov. Kaplan-Meier curves were constructed to estimate the OS and log-rank tests were used to assess the statistical differences. Univariate and multivariate COX proportional hazards analyses were used to determine the independent prognostic predictors for OS. HR and the associated 95% CI were estimated. Subsequently, the clinical significant predictors were used to develop a nomogram for 1-, 3-and 5-year OS in patients with ICC by using rms package in R software.
CSS and non-CSS were considered as two competing events. The cumulative incidence function (CIF) curves were used to illustrate the CSS and statistical differences were carried out using the Gray test. Univariate and multivariate Fine and Gray proportional hazards models were used to identify significant factors associated with CSS. Subdistribution HRwith associated 95% CI was reported. Afterward, we used the significant factors to construct a nomogram for 1-, 3-and 5-year CSS in patients with ICC.
Nomogram validation consisted of two activities: internal validation and external validation. Firstly, internal validation was performed via a bootstrap method with 1000 resamples. The discrimination ability of the nomogram was evaluated by using the concordance index (c-index). The marginal estimate versus model was used to derive calibration plots which reflect the agreement between nomogram-predicted and the actual survival probabilities. Secondly, external validation was performed in the validation cohort. The nomograms were used to assess each patient in the validation cohort. And then c-indices and calibration plots were generated to evaluate the discriminative performance and predictive accuracy of the nomograms. Furthermore, we compared the performance of the nomograms with AJCC 8th edition TNM staging system by using the c-index and decision curve analysis. Decision curve analysis was employed to examine the clinical net benefit of a predictive model by using rmda package in R software.
All statistical analyses were analyzed using SPSS 22.0 software (SPSS, Inc., Chicago, IL, USA) and R software version 3.5.2 (http://www.r-project.org) with R packages cmprsk, rmda, rms, and survival packages. A two-tailed Pvalue<0.05 was considered statistically significant.
Results
Patient and tumor characteristics
After applying the inclusion and exclusion criteria, the development cohort consisted of ICC 947 patients from SEER Database, and validation cohort included 159 ICC patients from our hospital. Flowchart of the study participants selected is depicted in Figure 1 . The clinical and tumor characteristics are summarized in Table 1 . The median age at diagnosis was 64 years old (range: 21-89 years old) in the development cohort and 67 years old (range: 35-88 years old) in the validation cohort. In both cohorts, most patients were classified as moderate grade, in T1-T2 Stage, without regional LN or distant metastasis.
OS and CSS in the study cohort
The median follow-up period was 19 months (range: 1-142 months) for the development cohort and 21 months (range: 2-140 months) for validation cohort. In the development cohort, the OS rates at 1-, 3-and 5-year were 80.7%, 46.3% and 32.7%, respectively, and the CSS rates at 1-, 3-and 5-year were 88.7%, 67.0% and 59.0%, respectively. In the validation cohort, the OS rates at 1-, 3-and 5-year were 75.7%, 42.3% and 36.8%, respectively, the CSS rates at 1-, 3-and 5-year were 86.7%, 60.2% and 53.7%, respectively and the RFS rates at 1-, 3-and 5-year were 61.5%, 38.6% and 30.5%, respectively. Table 2 summarizes the 1-, 3-and 5-year OS, and CSS stratified by the factors examined. Non-CSS rates were summarized in the Table S1 .
Kaplan-Meier curves revealed that cumulative OS rates were statistically decreased in patients who were male ( Figure S1A 
Independent prognostic factors for OS and CSS
In univariate COX analysis, age, gender, T stage, N stage, M stage, LNR level, grade and tumor size were significantly associated with OS in ICC patients. After adjusting for covariates, age, T stage, M stage, LNR level and tumor grade were retained as the independent prognostic predictors in the multivariate COX regression (Table 3) . Univariate competing risk analysis demonstrated that T stage, N stage, M stage, LNR level, tumor grade and tumor size had a prominent effect on CSS in ICC patients. These factors were included into the multivariate competing risk analysis. In multivariate competing risk analysis, T stage, M stage, LNR level and tumor grade were independently predictive of CSS in ICC patients (Table 4) .
Nomograms construction and validation
All the independent prognostic predictors for OS and CSS were integrated into the nomogram for predicting 1-, 3-and 5-year OS ( Figure 2A ) and CSS ( Figure 2B ), respectively. When subjected to the internal validation, the nomograms showed excellent accuracy with c-indices of 0.751 (0.680-0.822) for OS, and 0.736 (0.658-0.814) for Figure 1 The flowchart of the study cohort.
CSS (Table 5 ). In the external validation, the nomograms also exhibited good accuracy with c-indices of 0.725 (0.666-0.784) for OS, and 0.718 (0.669-0.767) for CSS (Table 5 ). Both internal and external calibration plots for 1-, 3-and 5-year OS (Figures 3 and 4 ) and 1-, 3-and 5-year CSS (Figures 5 and 6 ) demonstrated fair agreement between nomogram-predicted probabilities and actual probabilities.
Comparisons of the performance of the nomograms and AJCC 8th edition TNM staging system
The discriminative performance of the nomograms and AJCC 8th edition TNM staging system for OS and CSS is summarized in Table 5 by analyzing the c-indices. The nomograms had significantly higher c-indices than AJCC 8th edition TNM staging system in both the development cohort and validation cohort (P<0.001). In the decision curve analyses, the nomograms for predicting 1-,3-and 5-year OS and CSS demonstrated higher net benefit gains in a wide range of threshold probabilities compared with the AJCC 8th edition TNM staging system (Figures 7  and 8 ).
Discussion
The present study developed nomograms for predicting OS and CSS in patients with surgically resected ICC, using the data derived from the SEER database, and validated internally and externally. The external validation was performed using an independent cohort collected in our hospital. These nomograms showed favorable discrimination and calibration which would aid in patient counseling and clinical decision-making.
ICC is the second most common histologic type of liver malignant tumor. 16 The incidence and mortality of ICC are steadily on the rise worldwide. Accurate and efficient information on prognosis is important for both clinicians and patients to make an individualized treatment decision. Traditional staging systems, such as AJCC TNM staging system, include limited ICC-related variables and subject to evaluating the prognosis for a specific patient. Recent report based on a large population study revealed that the AJCC 8th edition TNM staging system had the moderate discriminative power in predicting OS in ICC patients. 17 Nomograms are statistical tools that allow simultaneous consideration of multiple factors to help visually provide the probability of a specific outcome for an individual patient. 18 Moreover, there were numerous advantages observed for the utility of the nomograms in cancer prognostic prediction, including user-friendliness, individualized assessment and comprehensibility. Several previous studies have proposed the prognostic nomograms in ICC patients, while which only focused on the OS. To the best of our knowledge, the present study is the first study to develop and validate the prognostic nomograms for both OS and CSS in ICC patients. Nomograms construction began with the identification of independent predictive factors for OS and CSS in ICC patients after surgery. For the nomogram predicting OS, we used univariate and multivariate COX proportional hazards regression model to determine the independent prognostic factors for OS. Multivariate COX regression analysis revealed that age, T stage, M stage, LNR and tumor grade were independent prognostic predictors for OS in patients with ICC. In the presence of competing risk, univariate and multivariate Fine and Gray's subdistribution hazard regression model, is more appropriate, as it can take into account the informative nature of censoring and estimate the proportion of CSS more accurately. [19] [20] [21] [22] Therefore, for the development of nomogram for ICC is rare in patients younger than 40 years old, and shows peak incidence between the ages of 50 and 70 years. 23 Patients with advancing age are at a high risk of concurrent comorbidities, which have a direct impact on the non-CSS. 24 In the present study, elder patients showed significantly lower OS and non-CSS. Multivariate analyses revealed that advancing age was an independent prognostic factor for OS, but not for CSS. This finding strongly indicated that non-cancer specific mortality was an important competing event in elder patients, which was consistent with previous studies. Abbreviations: ICC, intrahepatic cholangiocarcinoma; CSS, cancer-specific survival; LNR, lymph node ratio. Figure 2 Nomograms predicting 1-, 3-and 5-year OS (A) and CSS (B) in patients with ICC after surgery. Each subtype within these variables was assigned a score on the point scale. By summing up the total score and locating it on the total point scale, we could draw a vertical line down to get the nomogram-predicted probability at each time point. Abbreviations: CSS, cancer-specific survival; ICC, intrahepatic cholangiocarcinoma; LNR, lymph node ratio; OS, overall survival.
25,26
information on extent of disease, comprehensiveness of surgical resection, and thoroughness of pathological evaluation to be condensed into one parameter. [30] [31] [32] Tamandl et al 33 reported that LNR was a good prognostic factor for survival in ICC patients after curative surgery. Our present study also demonstrated the prognostic role of elevated LNR for both OS and CSS in ICC patients. What is more, our finding indicated that LNR could outperform the AJCC N stage in prognosis prediction in ICC patients, which was consistent with the previous studies. [34] [35] [36] It is well accepted that tumor differentiation can explain some of the heterogeneity associated with the expected course and clinical outcome in patients with various tumors. 37, 38 Tumor grade is a measure of the degree of differentiation of the tumor. In the present study, tumor grade was also observed as an independent prognostic predictor for both OS and CSS in ICC patients, which was similar to the previous researches. Furthermore, our study showed that the predictive value of tumor differentiation was independent of T stage, M stage and LNR, so that our nomograms for OS and CSS also incorporated tumor grade. According to the constructed nomograms, patients with different tumor grade would probably have different nomogram points and different OS and CSS probabilities even if they have the same TNM stages. This finding could partially explain that our nomograms showed superior performance to the AJCC 8th TNM staging system in predicting OS and CSS in ICC patients. In this era of personalized cancer therapy, it is important to consider both OS and CSS, at the time of decision making. As far as we know, it is the first study to build nomograms for predicting OS and CSS in patients with ICC after surgery. Our nomograms, incorporating easily accessible factors in clinical practice, enabled easy calculation of individualized OS and CSS probabilities for patients with ICC after surgery. Moreover, the nomograms displayed relatively high accuracy with overall c-indices more than 0.70 and well-fitted calibration curves in both the development cohort and validation cohort. Besides, high predictive accuracy does not necessarily indicate whether such predictive model has high clinical usefulness. 39, 40 Decision curve analysis, recommended by previous studies on the prognostic predictive models, can evaluate the clinical practical value of a predictive model by quantifying its net benefit according to the threshold probability. [41] [42] [43] Therefore, we introduced the decision curve analysis to examine the usefulness of our nomograms in clinical practice. The decision curve analyses not only confirmed the clinical validity of our nomograms for OS and CSS, but also proved that our nomograms had better clinical usefulness compared with AJCC 8th edition TNM staging system, in ICC patients after surgery. However, our study has some limitations. Firstly, some variables relevant with ICC prognosis, for example, vascular invasion, morphologic pattern, hepatitis status and serum tumor marker, were not studied, as they were unavailable in SEER database. These variables will be included in our future research. Secondly, as with the other retrospective studies, both development and validation cohorts subjected to selection bias. Thirdly, the SEER database lacked the information in terms of RFS. Finally, although our nomograms for OS and CSS in ICC patients were externally validated with satisfactory performance, the external validation cohort just consisted of patients from a single institution in Asia. Additional studies with multi-institutional cohorts will be warranted to validate the accuracy of the nomograms. However, notwithstanding these limitations, our present study pioneered the use of nomograms incorporating clinically feasible variables for predicting OS and CSS in ICC patients, which were of clinical significance in the assessment of ICC patients' prognosis.
Conclusion
In summary, we developed nomograms predicting 1-, 3-and 5-year OS and CSS in patients with ICC after surgery, based on a large population-based cohort. The present nomograms integrating easily accessible factors demonstrated good accuracy and discrimination as shown by internal and external validation, which would consider as practical and easy-to-use tools to aid in risk-stratification and clinical decision making in ICC patients.
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